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1. Introduction
During the last SA plenary meeting, SA approved stage 2 solutions for CSFB with MSC in GWCN configuration and CS/PS coordination for both GERAN/UTRAN and E-UTRAN (see [1] and [2]). Furthermore, during the last CT plenary meeting, CT approved a CR which aligns the stage 3 specification on CSFB with MSC in GWCN configuration with stage 2 (see [3]).
However, there are still some open/remaining issues which were not able to be concluded during the last plenary cycle with most of them captured in the approved stage 3 CR [3]. Particularly, one can find two new editor’s notes. As per the CT plenary agreement, all open issues can be concluded and fixed under the scope of the Rel-11 work item FULL_GERAN-MOCN even though the release 11 is already frozen.
In order to clean-up all open issues as soon as possible, this discussion paper attempts to provide an overview of the open issues and also detail analysis of them. Finally, some proposals are also considered in order to agree a way forward in stage 3.
2. Open issues and proposals
2.1 Setting of the new LAI IE over SGs
When the VLR is configured for gateway core network (GWCN) and the UEs do not support GERAN network sharing, the setting of the new LAI IE is already specified for one particular case (i.e. the common PLMN will be included) in the current specification. However, it is unclear for any other case of the setting of the new LAI IE, i.e. as stated in the new added Editorial Note (EN) in 3GPP TS 29.118; sub-clause 5.2.2.2:

“Editor’s note:
It is TBD the description of which information is added to the new location area information element for other cases than the one identified above (i.e. when the selected CS domain operator information element is not included in the message).”
One of typical case is when the target CS shared network broadcasts only one common PLMN which does not identify any of the sharing core network operators. This was already specified as a valid case in 3GPP TS 23.251 as below:

“In some sharing scenarios, the sharing operators require the UTRAN/GERAN to broadcast, to non-supporting UEs, a PLMN ID that does not identify any of the sharing core network operators. In this case, it is necessary that a supporting UE does not select this "common PLMN ID".” 
In this case, regardless whether the UE is a GERAN network-sharing supporting UE or not, the MME should always include the common PLMN ID in the new LAI IE, and additionally include the selected serving CS domain operator in the "selected CS domain operator" IE. The VLR will further select the CS domain operator as specified in stage 2 3GPP TS 23.251.

Proposal I: If the VLR is configured for GWCN and only one common PLMN ID is broadcast, the MME will not take into account the UE capability of GERAN network-sharing support and always include the common PLMN ID in the new LAI IE and the selected CS domain operator IE to the VLR.

2.2 Interoperability problem with different MME releases
This was highlighted by some companies during the last SA/CT plenary cycle and captured in a new added Editorial Note in 3GPP TS 29.118; sub-clause 5.2.3.1 as below:

"Editor’s note:
It is FFS how to handle the cases when a VLR configured for gateway core network (GWCN) interacts with an MME implementing an earlier release of this specification."
The Table 1 and Table 2 provided a clear summary for this interoperability problem based on two target CS network sharing configurations:
(1) If the target CS shared network broadcasts multiple PLMNs, i.e. each of multiple dedicated PLMNs can identify a sharing core network operator, the MME will include the selected dedicated PLMN ID from such multiple PLMNs in the new LAI IE; or

(2) If the target CS shared network broadcasts only one common PLMN, the MME will include this common PLMN ID in the new LAI IE. Normally, in this network sharing configuration, such common PLMN does not identify any of the sharing core network operators (as shown in section 2.1).
Table 1 IEs over SGs in CS network sharing configuration (1)
	CS network sharing configuration
	MME
	UE
	IEs over SGs

	Multiple PLMNs broadcasted
	Rel-11 onwards
	Supporting
	No "selected CS domain operator" IE +
Dedicated PLMN ID

	
	
	Non-supporting
	"selected CS domain operator" IE +
Common PLMN ID

	
	Pre-Rel-11
	Supporting
	No "selected CS domain operator" IE +
Dedicated PLMN ID

	
	
	Non-supporting
	


Table 2 IEs over SGs in CS network sharing configuration (2)
	CS network sharing configuration
	MME
	UE
	IEs over SGs

	Only one common PLMN broadcasted
	Rel-11 onwards
	Supporting
	"selected CS domain operator" IE +
Common PLMN ID

	
	
	Non-supporting
	

	
	Pre-Rel-11
	Supporting
	No "selected CS domain operator" IE +
common PLMN ID

	
	
	Non-supporting
	


For the case that multiple PLMNs are broadcast in the target CS network, the behaviour of the MME which supports Rel-11 onwards were described by the current specifications while the below cases are missing in both the stage 2 and stage 3 specifications:

(1) Only one common PLMN is broadcast in the target CS network and the MME supports Rel-11 onwards (red marked field in Table 2). This is covered in above section 2.1 of this paper.

(2) Multiple PLMNs are broadcast in the target CS network and the MME is legacy, i.e., supports pre-Rel-11 version of the 3GPP specifications (green marked field in Table 1).
Due to the legacy MME (pre-Rel-11) does not know whether the UE is a GERAN network-sharing supporting UE or not, then the MME will treat all UEs in the same manner. No "selected CS domain operator" IE is included and a dedicated PLMN ID is included in the new LAI IE. In this case, the VLR can behave as normal, i.e. selects the CS domain operator identified by the PLMN ID indicated in the new LAI IE due to it was a dedicated PLMN and can identify a sharing core network operator.
(3) Only one common PLMN is broadcast in the target CS network and the MME is legacy, i.e., supports pre-Rel-11 version of the 3GPP specifications (yellow marked field in Table 2).
No "selected CS domain operator" IE is included but a common PLMN ID is included in the new LAI IE. In this case, the VLR has to determine the CS domain operator based on the local policy (e.g. uses a fixed split of IMSI ranges or IMSI hash).
For the above (2) and (3), it is important to bear in mind that the policies for the CS domain operator selection at the VLR side were specified by stage 2 in 3GPP TS 23.251 in detail and it is simply indicated by stage 3 in 3GPP TS 29.118 by referring to stage 2 (i.e., 3GPP TS 23.251) as below, quote:

“When the VLR is configured for gateway core network (GWCN), the VLR shall select the serving core network operator as specified in 3GPP TS 23.251 [7A].”
Proposal II: If the PLMN ID included in the new LAI IE can identify a sharing core network operator, the VLR will select the CS domain operator identified by the PLMN ID indicated in the new LAI IE; otherwise the VLR will determine the CS domain operator based on the local policy.
Proposal III: To update stage 2 specification is enough and the EN in stage 3 (i.e., 3GPP TS 29.118; sub-clause 5.2.3.1) can be simply removed.

2.3 SMS_over_SGs only configuration
The enhancement on the CS domain operator selection procedure in network sharing does mainly cater for the CS fallback to avoid the unnecessary inter-PLMN mobility during CS fallback. However, it was questioned whether this enhancement should also done for the SMS_over_SGs only configuration considering no fallback to the GERAN/UTRAN for SMS. 
Two cases should be considered:

(1) A default LAI is configured specifically by the operator for SMS only configuration. This is specified in 3GPP TS 29.118; sub-clause 5.2.2.2, quote:

“The MME shall determine the new location area identification as follows:

-
if the MME received a combined attach request or combined tracking area update request from the UE with an indication for "SMS only", or the network only supports "SMS only" or the network only has a few VLRs that support SGs interface, the MME may allocate a default location area identification specifically configured for that case;” 

In this case, the MME may derive the VLR from this default LAI and then indicate this default LAI as the new LAI IE to the derived VLR regardless whether the UE is a GERAN network-sharing supporting UE or not. In GWCN, the VLR could always select the CS domain operator identified by the PLMN ID in the new LAI IE. No update is needed for this.

(2) No default LAI was configured specifically for SMS only or the MME decides not to use the default LAI. In this case, the MME could act as the current specification without taking into account the UE capability of GERAN network-sharing support. No update is needed here.
Proposal IV: No specification update is needed for the SMS_over_SGs only configuration.

2.4 Setting of the LAI IE over NAS
The setting of the new LAI IE over SGs interface takes into account the UE capability for GERAN network-sharing supporting and this is already specified by stage 3 in 3GPP TS 29.118 by aligning with the stage 2 requirement.  However, it is missing in the stage 3 specification to take into account the UE capability of GERAN network-sharing support for setting the LAI IE over NAS to the UE.

In stage 2 (i.e., 3GPP TS 23.272), is specified that the MME should take into account the UE capability of GERAN network-sharing support for selecting the PLMN for the CS domain, and then include the selected PLMN ID to both the VLR and the UE, quote of 3GPP TS 23.272; sub-clause 5.2:

" If the registration with a VLR is required and multiple PLMNs are available for the CS domain, the MME performs selection of the PLMN for CS domain and CS domain operator if the selected CS network is shared network configuration, based on the PLMN ID contained in the current TAI, old LAI and operator selection policies on preferred RAT for CS domain. If the target network is a shared GERAN, the MME shall also take into account the UE capability of support or non-support of GERAN network sharing when selecting the PLMN for the CS domain as specified in TS 23.251 [42]. The PLMN selected for CS should be the same that is used for this UE as a target PLMN for PS handovers or for any other mobility procedures related to CSFB. The MME may take any access restrictions provided by the HSS into account, if the network is using separate location areas for GERAN and UTRAN cells. The selected PLMN ID is included in the newly allocated LAI which is sent to MSC/VLR in step 4 and in Attach Accept to the UE."
Proposal V: To update the stage 3 in 3GPP TS 24.301 to refer the stage 2 in 3GPP TS 23.272 for setting the LAI IE over NAS to the UE.

2.5. CS/PS coordination in GWCN at Gs interface
The CS/PS domain registration coordination in GWCN UTRAN and GERAN for non-supporting UEs is described in the approved CR S2-124887 [2] and therefore already implemented in 3GPP TS 23.251; sub-clause 4.2.5.2.
For GERAN/UTAN, the defined CS/PS coordination in 3GPP TS 23.251 could ensure the selected CS domain operator and the PS domain operator are always the same operator. Then, for the operator centric CS/PS coordination, the SGSN is mandated to indicate the selected CN operator that serves the subscriber over Gs to the VLR while it is actually optional to do this when the pool centric CS/PS coordination is used. There are two ways to indicate the selected CN operator over Gs to the VLR as follows:

(1) For the supporting UEs, the SGSN can directly include the PLMN ID of the selected CN operator in the new CGI IE; or

(2) For the non-supporting UEs, the SGSN will include the common PLMN ID in the new CGI IE and additionally the selected CN operator in a new IE over Gs.

For the VLR, due to the selected CS domain operator is the same as the PS domain operator, then the VLR should always select the CS domain operator indicated by the SGSN over Gs interface. Note that this is different from how the SGs interface work, in which the VLR, as specified by 3GPP TS 23.251, could also select the CS domain operator by the local policy even if the “selected CS domain operator” is indicated by the MME.
Proposal VI: In GWCN at Gs interface, for the supporting UEs, the SGSN includes the PLMN ID of the selected CN operator in the new CGI IE while for the non-supporting UEs, the SGSN includes the common PLMN ID in the new CGI IE and additionally the selected CN operator in a new IE.

Proposal VII: In GWCN, the VLR always selects the CS domain operator indicated by the SGSN over Gs interface.

3. Conclusion

During the last SA and CT plenary meetings CRs on FULL_MOCN-GERAN were approved which introduced the gateway core network (GWCN) functionality to the 3GPP specifications. However, a number of open issues remain and these issues are allowed by the SA and CT to be corrected in Rel-11.

It proposed CT1 to discuss the above open issues and make a decision on the proposals outlined by the section 2 of this paper.
Finally, related CRs are provided in order to implement the proposals of the section 2 so that all open issues are closed.
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